Background: As of now, the impact of low back pain (LBP) and its chronic state, chronic low back pain (CLBP), on mental health-related quality of life (HRQOL) has never been investigated among police officers. The present investigation aims at studying this relationship using a biopsychosocial model. Methods: Between May and October 2014, a Web-based cross-sectional study was conducted among Quebec police officers (Quebec, Canada). Mental HRQOL was measured using the role emotional (RE) and the mental health (MH) domains of the SF-12v2 Health Survey. The impact of CLBP on mental HRQOL (as opposed to acute/subacute LBP or no LBP) was studied with a multivariate linear regression model. Results: Of the 3,589 police officers who participated in the study, 1,013 (28.4%) reported CLBP. The mean age of respondents was 38.5 AE 8.7 years, and 32.0% were females. The RE (44.1/100) and MH (49.0/100) mean scores of the CLBP group were comparable with the scores found in populations suffering from cancer or heart diseases. Compared to officers without LBP, the presence of CLBP was significantly associated with lower RE (b: À0.068; p ¼ 0.003) and MH (b: À0.062; p ¼ 0.002) scores. These relationships were not found in the acute/subacute LBP group. Conclusion: Our results underscore how frequent CLBP is among police officers and how burdensome it is. Considering the importance of good physical and mental health for this occupational population, police organizations should be aware of this issue and contribute to the efforts toward CLBP prevention and management in the workplace.
Introduction
At first glance, police officers could be presumed to be healthy workers due to the physical nature of their work and the high standard prerequisites for physical and mental health at the time of joining the police force [1] . However, the stressful demands of police work (e.g., traumatic events) can induce stress-related impairments [2e5] . In fact, mental health-related quality of life (HRQOL) impairments related to mental work stressors among this population were reported in past studies [5, 6] .
Also, police officers are exposed to occupational factors that are suspected to increase the risk of developing low back pain (LBP) and chronic low back pain (CLBP) (e.g., body armor, duty belt, and driving a patrol car) [7e14] . Some epidemiological studies brought evidence forward suggesting that LBP, especially CLBP, is frequent and burdensome among this population of workers [7, 14, 15] . Knowing that LBP and CLBP can significantly reduce people's HRQOL [16, 17] , we may wonder how LBP and its chronic state impact the mental HRQOL of police officers in interrelation with other occupational stressors. As of now, the impact of LBP/CLBP on mental HRQOL has never been investigated among this occupational population.
Using a biopsychosocial model, the first objective of this study was to determine the impact of LBP/CLBP on the mental HRQOL of police officers. The second objective was to identify other determinants of mental HRQOL among this population of workers.
Materials and methods

Study design and population
Data collection occurred between May and October of 2014. An online-based cross-sectional survey was distributed to Frenchspeaking police officers of the province of Quebec (Canada). Nine police organizations (employers, occupational safety and health associations, federation of police associations, and police unions) facilitated the recruitment. On-duty police officers were emailed our invitation to complete the online survey. This email invitation contained the survey hyperlink from the SurveyMonkey Gold collector. Based on research methods known to increase participation rate, a reminder email was sent to all on-duty police officers from the targeted organizations 15 days after the initial invitation [18] . In addition, a draw (10 prepaid VISA gift cards of C$200 each) was also used to increase participation rate. The Université du Québec en Abitibi-Témiscamingue's research ethics committee approved the study.
Questionnaires and measures
Mental HRQOL
Mental HRQOL can be defined as an individual's or a group's perceived physical and mental health over time [19] . For the purpose of this study, mental HRQOL was measured using the role emotional (RE) and the mental health (MH) domains of the SF-12v2 Health Survey [20] . RE reflects how often emotional problems result in role limitations related to the amount of work or regular daily activities accomplished and the care with which they are performed [20] . MH represents the frequency with which respondents are feeling: (a) calm and peaceful and (b) downhearted and depressed [20] . Measures for each domain range from 0 to 100, in which higher scores indicate better mental HRQOL. Group mean scores lower than 47 indicate the presence of impaired functioning or well-being [20] . Scores were calculated with standard and normalized algorithms [mean 50; standard deviation (SD) 10] [20].
LBP presence and its characteristics
The presence of LBP was established by using the FrencheCanadian version of the Nordic Musculoskeletal QuestionnairedLow Back section [21e23] . A human body drawing was used in the questionnaire to describe the anatomical area of LBP, and participants were asked if they experienced LBP in the previous 12 months (ache, pain, or discomfort in the lower back whether it extends from there to one or both legs or not). All participants who answered "no" to this question were assigned to the no-LBP group. Presence of CLBP among those who reported LBP in the previous 12 months was defined as self-reported LBP symptoms experienced for more than 3 months at the time of the questionnaire completion [24, 25] . Those participants formed the CLBP group. The acute/ subacute LBP group was composed of participants who reported LBP in the previous 12 months but not CLBP. An item from the Nordic Musculoskeletal Questionnaire asked participants if they had to change job or duty in their lifetime because of LBP. LBP intensity and unpleasantness in the past 7 days were assessed with a numerical rating scale (0 to 10), in which 0 indicated "no pain" and 10, "worst possible pain/most unpleasant pain imaginable". Participants were asked about the number of workdays lost in the past 12 months because of LBP and their perception that their LBP is associated with the work performed in the police force (not associated, partially associated, or totally associated).
Other determinants
Sociodemographic characteristics were also collected such as sex, age, country of origin, living arrangement, annual household income, and region of residency. Participants were also asked about their number of years of experience in the police force (seniority) and in doing car patrol work (do you do car patrol as a part of your work duties?). The Brief Index of Affective Job Satisfaction was used to assess job satisfaction [26] . Calculated scores can range between 4 and 20 in which higher scores indicate greater job satisfaction.
Other questions about occupational ergonomic-related factors derived from (1) a literature search conducted to identify and review LBP studies and HRQOL among police officers or other types of workers and (2) a consultation with 14 key informants (one police force ergonomic specialist, one ergonomic researcher, one chronic pain researcher, one back pain researcher, two health and safety advisors working in police force organizations, and eight police officers). The history of work-related difficult situations of the last 12 months (posttraumatic psychological interventions, making a decision that implied heavy consequences, facing clients' hostility, and exposition to public complaints and critics) was assessed with 5-point Likert scales (never, almost never, sometimes, fairly often, and very often). Participants were also questioned about other work-related factors (last 12 months' work schedule, mean number of hours worked per week, mean number of breaks in a 9-hour work shift, proportion of hours spent wearing a body armor and wearing a duty belt in the last 12 months, doing car patrol, and the mean number of hours spent in a sitting position in a workday).
The 4-item Perceived Stress Scale was used to measure perceived stress over the last 4 weeks [27] . Scores on the 4-item Perceived Stress Scale can range from 0 to 16, and higher scores suggest greater perceived stress. The 2-item Patient Health Questionnaire [28] and the 2-item Generalized Anxiety Disorder scale [28] were used to assess depressed mood and anxiety over the previous 2 weeks. For both scales, scores can range between 0 and 6, and higher scores indicate more depressive symptoms/greater anxiety. To assess the general quality of sleep, the 5th item of the Chronic Pain Sleep Inventory [29] was answered by all participants (11-point numerical rating scale, 0 to 10, higher scores indicate better general quality of sleep). Perceived general health was measured using a 5-point Likert rating scale which can be transformed into a 0e100 score using the SF-12v2 algorithm (Excellent, very good, good, fair, and poor) [20] .
The questionnaire also contained questions about comorbidities; height; weight; history of injury in the lower back region; history of trauma/accident at work or outside work; history of surgery in the back region; chronic pain in regions of the body other than the back; weekly hours of light, moderate, and intense physical activity; and smoking habits/alcohol consumption during the last 4 months.
Statistical analysis
To depict participants' characteristics, descriptive statistics were computed. LBP subgroups (i.e., no-LBP, acute/subacute LBP, and CLBP) were compared regarding their RE and MH mean scores using analysis of variance tests. When significant differences were detected, post hoc comparisons were carried out using the Tukey's Honest Significant Difference (Tukey HSD) test. Univariate and multivariate linear regression models were used to identify the determinants of RE and MH. All independent variables measured were included in the multivariate linear regression models except those who showed multicollinearity (i.e., had a tolerance lower than 0.2 when included in the multivariate model [30] ). In the LBP groups, the 7-day LBP intensity and the 7-day LBP unpleasantness variables were included in the model, the last two variables had a tolerance below 0.2. They were thus excluded from the model because the variable "LBP groups" was an important independent variable of our study. The sociodemographic variables that had a tolerance below 0.2 in the model were the annual household income, seniority, and age. Because age is a potential confounding variable in the association between LBP and mental HRQOL, we excluded seniority and the annual household income. The statistical significance level was set at 0.05, and SPSS Statistics version 22 (IBM Corp, Armonk, NY) was used to perform all statistical analyses.
Results
In May 2014, the Quebec police forces counted 16,201 members [31] . The online survey page was reached by 3639 Quebec police officers. Among them, 3,589 accepted to complete the questionnaire (98.6%) and thus composed the convenience sample for the study. Table 1 shows participants' characteristics. Women represented 32.0% of the sample, and the mean age of study participants was 38.5 AE 8.7 years. The sample was composed of police officers from all administrative regions of the province of Quebec. The average number of years of work in the police force was 14.8 AE 8.3. The sample's mean score of general health was 52.7 AE 7.6 (/100). Chronic pain in other regions of the body than the back was reported by 39.8% of participants. The three groups (no-LBP, acute/ subacute LBP, and CLBP) represented, respectively, 32.3%, 39.2%, and 28.4% of the study sample.
Mental HRQOL scores among LBP subgroups
As shown in Table 2 , group comparison regarding RE domain shows statistically significant differences between the study groups (i.e., no-LBP, acute/subacute LBP, and CLBP; p < 0.001), with the lowest RE score found in the CLBP group (mean AE SD: 44.1 AE10.5). Tukey HSD tests revealed statistically significant differences between the CLBP group and the other two groups [i.e., no-LBP group (p < 0.001) and acute/subacute LBP group (p < 0.001)], but no statistically significant difference was detected between the no-LBP group (mean AE SD: 48.6 AE 9.5) and the acute/subacute LBP group (mean AE SD: 48.2 AE 9.2; p ¼ 0.576). The CLBP group presented an RE score indicating the presence of impaired functioning/well-being (<47) [20] .
Comparison regarding MH domain indicated statistically significant differences between the study groups (i.e., no-LBP, acute/ subacute LBP, and CLBP; p < 0.001), with the lowest MH score found in the CLBP group (mean AE SD: 49.0 AE 8.5). Again, Tukey HSD tests revealed statistically significant differences between the CLBP group and the two other groups [i.e., no-LBP group (p < 0.001) and acute/subacute LBP group (p < 0.001)], but no statistically significant difference was detected between the no-LBP group (mean AE SD: 51.8 AE 7.9) and the acute/subacute LBP group (mean AE SD: 51.4 AE 7.5; p ¼ 0.330) ( Table 2) .
Figs. 1 and 2 show the average RE and MH scores found in the CLBP group of our study contrasted with the general population norms [20] and other impaired populations such as people suffering from cancer or heart diseases [32] .
CLBP associated with poorer mental HRQOL
For the sake of brevity, Table 3 only presents the factors significantly associated with RE and MH in the multivariate model * Proportion of missing data across the presented variable ranges from 0.8 to 15.5%.
y Remote resource regions as defined by Revenu Québec (i.e., the provincial revenue agency): Bas-Saint-Laurent (region 01), SaguenayeLac-Saint-Jean (region 02), Abitibi-Témiscamingue (region 08), Côte-Nord (region 09), Nord-du-Québec (region 10), GaspésieeÎles-de-la-Madeleine (region 11). Nonremote regions are near a major urban center. 
Discussion
To the best of our knowledge, this is the first study to assess the impact of LBP/CLBP on mental HRQOL among police officers. Indeed, other studies have investigated the determinants of mental quality of life among police officers in univariate and/or multivariate analyses but did not include LBP/CLBP within their statistical models [5, 6] .
When adjusting for potential confounders, poorer mental HRQOL was found among police officers suffering from CLBP (i.e., limitations related to the amount of work or regular daily activities accomplished and the care with which they are performed; lower frequency of calm and peaceful feelings; and higher frequency of downhearted and depressed feelings). Compared to workers with no LBP, acute/subacute symptoms were not associated with lower mental HRQOL scores. Noteworthy here is that police officers suffering from CLBP reported RE domain impairment. These results are in line with previous studies that showed that chronic pain can impair HRQOL [17, 33, 34] .
Reflecting further on the significant impact of CLBP, when comparing the mental HRQOL scores of the CLBP group with those of other populations of patients such as those suffering from cancer and heart disease [20] , our results revealed that the RE and MH domains' scores of our CLBP group are comparable with those of other populations of patients. These results are in line with a previous study conducted by Nayme et al (2001) which found that the HRQOL of CLBP patients who are cared for in a pain center was poorer than that of patients with cancer and comparable with that of drug addicts [16] . In the same vein, the quality of life of individuals from the general population who are suffering from chronic pain was found to be below that of people with other chronic diseases [33] . Our study demonstrated how much CLBP is burdensome for police officers and underlined the importance for police organizations to promote CLBP prevention to improve mental HRQOL in this population of workers.
Other biopsychosocial determinants of mental HRQOL
Regarding occupational factors, lower job satisfaction was found to be associated with poorer RE and MH domains. This result is in line with what was found by Marconato and Monteiro (2015) . Specifically, they found that lower job satisfaction was associated with poorer quality of life [35] . On the other hand, Yamada et al (2016) brought evidence that low mental HRQOL was more frequent among workers reporting job dissatisfaction [36] . Fig. 1 . Comparison of the SF-12v2 RE domain score found in our study population with that of other populations [20, 32] . *Higher scores indicate better RE. CLBP, chronic low back pain; HRQOL, health-related quality of life; RE, role emotional.
Receiving more frequent posttraumatic interventions was associated with poorer RE domain, which is in line with other studies. Indeed, Slottje et al (2007) found that police officers exposed to traumatic events (i.e., supporting injured people from an aircraft crash disaster) reported poorer mental HRQOL [37] . Similarly, Mendlowicz and Stein (2000) reported in a review that posttraumatic stress disorder has a negative impact on the quality of life [38] .
In our study, we found that general health was positively and significantly associated with mental HRQOL, which is in line with Marconato and Monteiro's (2015) study. They found that perceived general health and mental quality of life among firefighters and Fig. 2 . Comparison of the SF-12v2 MH domain scores found in our study population with that of other populations [20, 32] . *Higher scores indicate better MH. CLBP, chronic low back pain; HRQOL, health-related quality of life; MH, mental health. rescue professionals were substantially and positively correlated [35] . In our study, higher levels of stress were associated with poorer mental HRQOL, which is in line with previous findings by Alexopoulos et al (2014) in their study of Greek police officers. In fact, they reported that higher levels of stress increased the risk of reporting suboptimal quality of life [6] . Our results are also in line with those of other studies that showed that stress-related disorder has a negative impact on the quality of life [39, 40] .
Depressed mood and anxiety among police officers were also associated with poorer mental HRQOL. These results are in line with those of a study by Antunes et al (2013) which showed that patients with depression had poorer RE and MH domain scores [41] . The same tendency was found among police officers in Greece [6] . In fact, Alexopoulos et al found that depression and anxiety were related to lower quality of life [6] . In the same vein, Scholich et al reported that depression is associated with HRQOL impairments [42] . A combination of depression and CLBP lead to worse HRQOL among CLBP patients [43] .
Based on these results, it appears important to screen police officers suffering from depression, anxiety, and posttraumatic disorder when establishing workers' priority to access CLBP prevention and management programs in their police organizations. Strategies to improve job satisfaction are also recommended to improve mental HRQOL among police officers.
Strength and limitations
The present study constitutes the first investigation of the impact of LBP/CLBP on the mental HRQOL of police officers. However, the cross-sectional design of the study prevents us from establishing causal relationships [44] . Future longitudinal explorations of such impacts will thus be relevant. A major strength of our study was the large sample size and the recruitment of police officers from all regions of the province of Quebec which highly contribute to the representativeness of our sample. It is nonetheless difficult to assess completely the potential for participation bias. In fact, the very nature of our recruitment as well as ethical reasons made it impossible to calculate the response rate or compare results between participants and nonparticipants. However, when comparing our sample to Canadian and Quebec police forces statistics, we found that our study participants are comparable in terms of demographics such as age and sex [31, 45] .
Conclusion
Our study suggests that the presence of CLBP is associated with mental HRQOL impairments among police officers. Other sociodemographic, occupational and health-related factors are also associated with mental HRQOL (i.e., job satisfaction, posttraumatic stress disorder, perceived stress, anxiety, and depressed mood). This emphasizes the importance of promoting the implementation of CLBP prevention and management programs. Because other occupational and health-related factors (physical and psychological factors) are simultaneously involved in modulating mental HRQOL, these factors should also be considered within CLBP prevention and management strategies aimed at improving mental HRQOL. Prevention programs should also involve multidisciplinary teams. Indeed, multidisciplinary strategies focusing on chronic pain management have already proved to be effective in improving mental HRQOL [46] . Strategies aimed at improving job satisfaction among police officers should also be part of the prevention plan to avoid low mental HRQOL among these workers.
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